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"A method of us'mq wastewater sludge in the production of concrete" 



Introduction 



5 This inventton nd^tes to a meSiod of using wastewater sludge in Qie productibn of 
concrete. 

Nowadays, people are looking at finding ways of recycSng their refuse in a more, 
environmentally friendly manner One of the main sources of pollutant is wastewater 

10 sludge which covers a variety of substance ranging from raw sewage sludge 
containing human or aninrial waste and faecal matter, to waste products created b/ 
industry. Wastewater sludge comes in nriany fomris including wastewater sludge, 
sludge cake and dried sludge cake. Predominantly though, the wastevwsiter sludge to 
which this invenfion relates is a wastewater sludge having a high water content in the 

15 region of in excess of 80% by weight of the wastewater sludge. That is, a sludge 
having a high proportion of water content by we^ht as opposed to nonnal household 
waste or the like which typically contains a high percentage, in the region of 90%, by 
we^ht of dry solids. This wastewater sludge must be disposed of In as 
environmentally friendly a manner as possible, whOst also being disposed of in as 

2 0 environmentally secure a manner as possible. 

Until now, the most popular methods of disposal have been to dump wastewater 
sludge at sea or to send the wastewater sludge to landfill. Another popular method of 
disposal is to subject the wastewater to a btotoglcal proc^ whereby the Bquid and 
25 solids are separated before treating the liquids to ^ctensive blotogical processes for 
subsequ^ recycrmg. The ^Ms Qiat have been separated off are usually indnerated 
or sent to landfill. However, these methods are becoming less viable as landfOI. space 
decreases and concem over dumping at sea Incr^ses. 

3 0 Another method involves the indneratfon of the wastewater sludge at terr^eratures in 

excess of 1200**C. This involves the construction of expensive specially dedicated 
plants and has further raised concerns relatirig to air poDutants emitted from these 
plants. There Is also produced a l^-product from the incineration that must be 
disposed of by way of landfill or sea dumping. 
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One of the most problematic types of wastewater sludges to handle are those having a 
high water content by weight, as the water ifeelf is contaminated and must be handled 
appropriately. The treatment of these types, of wastewater sludge has her^^ 
5 included either the expensive IncAietaOon steps or the biological processes mentioned 
above so that the soBd and liquid matter can be treated separately. Bothoftheseare 
expensive partfaubrty when dealing with such large volumes of high water content 
wastewater slud^ audi as tt»at produced In Industiy. This excess vrata- must be 
. disposed of in an environmentally secure and frtendly manner while still remaining 
10 teazle from a cost perspective. Pnevtously, high water content wrastewater sludge 
was pumped offshore but this practice has become more and more unacceptable. 

Various atlemffe have been made to uQise fte sludge as ferfflfeers and the Bte, 
although tills usage is limited by governmental regulation and such use only accounts 
15 for a smafl percentage of the vrastewater sludge produced. Before the sludge may be 
used as a ferfiHser it must undago cbmposfing which entdls the decomposition of 
sewage dudge under appropriate oorMlifions of moisture, temperature, vplaffle soMs 
content and in flie presence of (w^en by micnoorganlsms. This Is quite tengtiiy and 
time consuming. 

20 

Other uses of the sludge have ateo been propos«J such as Oiat described in British 
Patent No. 2,256,862 (British Gas Pic) which teaches a method of produdng concrete 
containing sewage sludge ash which Is the waste by-product subsequent to 
Incineration of flie sewage. This sewage sludge ash is used as a subsfilute for more 
25 expai^aggregsrtBs and is found to hawe good bonding characterisfics. However, 
fliis Involves the expensive Inclnerafion step to jModuoe the sewage sludge ash which 
further Increases the total cost of producing the concrete and disposing of ttie 
wastewater sludge. 

30 Unted Stsibss Patent Number 3,801 ,358 describes a rneftod of making concrete using 
raw sewage and refuse. Once the concrete has cured, it is impregnated with a 
monomer and ttien heated or subjected to radiation to cause polynrerisaUon; This wBI 
help to waterproof the concrete as well as Improving steriiisaHon of flie concrete. In 
order to ladiitate Impregnation of «ie monomer, ttie concrete block is pfaced in. a 
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vacuum and thereafter the concrete block is aBowed to soak in themonomer for a 
period of time. This is a complex process that requires expensive equipment to 
produce the concrete btocks. Fwthemtoie, each concrete bkx* trices a rfgniffcant 
period of time to make. 

5 

WO 90/15205 also describes a buiWing dement in which the main constituents 
amvrise cement, waste siudge and ftore ingre<fients suc*i as w In order to 

avoid direct contact vwth the building elenrrent, it fe advised that the blocks should be 
plastered botti inside and out In order to stabifise a structure built with these building 

10 . elements, regular concrete must be poured into the blocks cavity, the strength of the 
buDdii^ element being rrfafiv^ moderate. The applicant describes how the btocks 
are subjected to compressfon for a treatment period of 24 hours. Again, these btocks 
will take a s^niftoant period of time to make and require coating with a plaster to 
rehder the bbcte suitable for contact 

15 . 

French Patent No. FR 7338485 describes a nnethod of producing constnictlon 
elements from househokl waste, agricultural waste or forestry waste. The waste is 
subjected to extensive preliminary treatments induding dehydration, fragmentation and 
crushing until a rather coarse aggregate supplement having a particle size, of in the 

20 region of 3 - 4cm Is produced. This dry solid material is then mixed with quicklime in 
order to quiddy decay any organic or vegetation material present in the waste. Further 
aggregate, cernent and water are added to the waste material before the niixture is 
press moulded to ficvmttieconstrucBonmafteriaL The problem vitthtHs type of nnethod 
is that extorsive pre-condittonlng steps such as mixing and grinding must be carried 

25 out prior to the producBon of the buiUing element which are both expensive and fime 
consuming to carry out furthemnonBr the waste is household waste which Is 
predormisffiBy sc*ls to start off with and fterefore tiie probten^ associated with 
having to treat predominantly liquid wastewater sludge are not encountered. Due to 
the fact that the basic material used in the production of the constmclion element are 

3 0 particles 3 - 4ot» in size, the strength of the construction element may be compromised 
and a further expense compresston mouWing step must be carried out to form the 
constniction element which is highly disadvantageous. This patent doies not suggest 
how Industrial and other types of wastewater sludges tiavlng a high water content may 
be handled. 



wo 2004/037743 PCT/IE2003/000147 



- 4 - 



Heretofore, there has not been pro\Med a method of uang wastewater sludge In 1 
produdion of concrete that will provide a concrete that is ready to use that will i 
require covering fhe conciete'witti placer or sub^cGng the concrete to FERliafioh 
5 other such treatment in order to render the coricrste sufRdentiy sterile to u 
Furthenmore, there has not yet been provided a method that can handle predominar 
liquid wastewater sludge in a safe and effective manner that is still cost effective 
cany out, the method not requiring significant dehydration steps prtor to the product 
of the constnjction element and thereafter requiring further moulding or post mix 
10 treatments. 

tt an ob^ theiefore, of tte present inventton to provide a method of us 
v^stewater sludge in the production of concrete that overcomes at teast some of 
problems mentioned above and 4iat is inexpensive and satisfies the environmer 
15 requtrements for disposal of wastev\^rtershidge. It Is a further object of the biventior 
provide a mettiod of u^g wastewater shidge, and iri particular wastewater slue 
having a high water content, in the productiort of concrete that requires the absol 
minimum number of treatment steps and does not require any expensive dehydral 
of the wastewater prior to commencement of the method. 

20 

Statements of Invention 

According to the invention, there is provided a meHiod of using wastewater sludgi 
the production of concrete corrjprising miw'ng cement, acgregate and wastewi 

2 5 sludge to form a concrete mix characterised in that:- 

flie additional step is carried out of mixing the wastewater sludge \ 
an alkaline* solution to achreve a wastewater sludge and alka 
sdutzon mixture havmg a pH equal to cw- hi excess of 11,5, prio 

3 0 mixing with the aggregate and the cement. 

By using thb method, the Invention obviates the need for expensive Indnefatton st 
or furttier pre-treatment steps, and utBises untreated raw wastewater sludge in 
concrete. The concrete can then be used as a building product and thus avoids 
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need for having to send the vrastewater sludge to landfill. Furthennore, by adding an 
alkaline solution to the wastewater sludge, there b no need to piwide further . 
steriTBafion st^ sudi as subjecfing the ooncrete to heating or radiation. The. 
concrete provided wOl ftirthermor© not. have to be covered in plaster to render ft safe. 

.5 By prem'Ddng the wastewater sludge with an alkaline solufion to form a wastewater 
sludge and alkaline solutton mixture priorto rrtxing with the aggregate and the cement, 
the aBefine so&ffEon is put. to be^ effect to skA on flie wastewater sludge and 
neutralises the harmful substances contained therein. This enhances the efficiency of 
the alkaline solution whidi is therefore required in lesser amounts. By achieving a 

10 wastewater sludge and alkaline solution mixture having a pH equal to or in excess of 
1 1.5 a very high degree of sterilisation is achfeved sufficient to render the wastewater 
sludge acceptable for use In the production of concrete. Therefore, both an 
environmentally friendly and econonracally efficient method is provMed. 

15 EssQiSaBy there Is provide^ a v©v sNpte InwentiOT The prevfously known methods 
of uang wastewater sludge In the producBon of concrete have required elaborate and 
often relalivdy expensive processes to render the concrete suitable for use. The 
problem of providing a concrete that is ready to use that win not pose a contamination 
risk is solved by the Inventton described above. Furthemnore. the probtem of having to 

2 0 pnjvide expensive machinery and lengthy sanitising steps are obviated by the solution 
provided. 

In one embodiment of the fifivention,*e alkalfne sohiSon Is a concrete hardener. It has 
been found that a concrete hardener rnay act m the akallne solution and kill bacteria 
25 present In ttie concrete mbdure. Furthemnore, the concrete hardener wBI help to 
harden the concrete nrocture In due course and wlB not have a detrimental effect on the 
quality of the concrete produced. 

In another embodiment of the invention, the alkaline solution has a pH of between 
30 12.5 and 14. Preferably, the alkaline solution has a pH of between 13.5 and 14. This 
win help to fsase the pH tevel of the concrete nocture produced and will further improve 
the kill of bacteria in the wastewater sludge. The bacteria wiD be WOed off In a very 
short period of time, thereby obviating the need for extensive storage tfrnes and further 
sterilisation technk]uea 
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In a further embodiment of the invention, a bonding agent is added to the concrete 
mix. By adding a bonding agent to flie concrete, there wW be provided better adhesion 
of tt» convon»rt paiftdes in the concrete. Pi^raWy, the bonding agent used Is 
5 cartxwylated styrene butadiene alifflB and wffl have a pH level in the region of 8 and 
11. This win ftirtherhdp to Improve the pH level of the concrete nrdxture. 

bi on© embocfenent of the invenfion, flie wastewater slutfee Is in the form of dry sludge 
cake and water is added to the dry shidge cal«, prior to the mixing of the sludge with 
10 the cement and the aggregate. By adding water to flte wastewater sludge, the coniect 
amount of water will be present to produce a uniifomi concrete eadi tbne, thereby 
ensuring good quafflycorrcrete each fime. PrefiBrabV.suflldwJt vaster Is added to the 
wastewater sludge to bring th6 water content of the diluted virastewater sludge to 80%. 
or more water by we^ 

In aiKithw embo(firnen* of fte fenrei«on, a pt^mw Is added to the wastew^ 

The polymer vwiU further act as a bonding agent to flie concrete providing Improved 

adhesion properties to the concrete's components. 

20 In a further embodiment of ttie invention, the concrete Is stored for betv/een 28 days 
and 6 months. By storing the concrete for a sufficient period of time, the concrete will 
be able to set which wffl ftirther ensure that al bacteria are killed off and that the 
concfBte adheres to health and safety standards. 

25 In one embodbnert erf bvenfion. «» aggregate comprises WW or more of grey 
wacke stone, sand, sandstone, gravel, limestone, crushed shale, cmshed seashells, 
pendl,.kiln dried sand, grit, pulverised fuel ash. slag frorn steelworks, quicklime and 
recycled cmshed concrete. Preferably, the aggregate will comprise limestone which is 
seerv as parlicularty useful to produce a robustj strong concr^e. The Bmestone 

30 furthermore has a suitable pH value to further sterilise the wastewater sludge when 
being used in the producGon of concrete. 

In a furth» endWxSment of the Invwifion fliere Is profvfcied a method of u^g 
wastewater sludge In the production of concr^ .ln which additional cement Is used 
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instead of aggregate In the concrete mixture. Thfe may in some instances be more 
economicai than providing further aggregates vA\M also providing a useable concrete 
nnixtune that contains a high content of wastewater sludge. 

5 In another embodiment of the hvenfipn, a detergent is added to the concrete ntix prior 
to curing. By provMing the detergent, further bacterial Idii may be achieved, again 
providing a concT^ suHabfe for use In goocte mJ products 
safety standards. 

10 In a further embodiment of flie invention, the alkali solution added to the wastewater 
sludge is Sil^a [Registered Trade Mark (RTM)]. This fe seen as parlicularV useful as 
S%a Is both Inexpensive and efiecSve. In Its function. The active ingredients of the 
.strong alkali preferably include one or more df pots^him hydroxide, sodium alumlnate 
and potassium cart)onate. Altemativ^, instead of usnig Potassium HydroMde to 

15 stabBise and stenlise the wastewater sludge, Sodium Hydroxide, Calcium Hydroxide or 
Barium Hydromde could be used, it is envisaged Stat thei aHcaB solution could 
comprise an electrically charged (ionised) watei/salt solution. 

In one embodiment of the invention, the alkali solution is added to the wastewater 
■ 2 0 sludge in the ratio of betweenl :200 and 5:200 parts alkali solution to parts wastewater 
sludge. Preferably, the sicafi solution ss added to the wastewater sludge in tiie ratio of 
3200. These amounts are sufTicient to see good bacterial kni in the final concrete 
mixture. 

25 hn £ffK3ifher enftodffnmt of the kivenfion, 4ie wastewater sluc^, cement and 
aggregate are nnixed in a ratio of 1:1:6 by weight to fomri the concrete mix. Thte is 
seen as a particularly efRdeht mix and vM pro>nde a robust concrete product suitebie 
for most uses. 

30 In a furtiier ^bodlment of the invCTtion, the blended concrete mix is sealed in a 
heavy duty plastic container. This wiD further prevent any leaching of the concrete and . 
wDi ridnindse tiie risk of contamination to the envfironment from any hanmftjl producte 
remaining In the wastewater sludge and the concrete. 
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In one embodinnent of the invention, there is provided a concrete pixxluct made in 
accordance with the method as descrOsed above. By having such a product, an 
irt^epenme conoeSe product te provided, whBe also provhfing an atten^e way of 
disposing oT the wastewater sludge in a more environmentally friendly and cost 
5 efficient manner. 

In another wibodiment of tfte Invention, the wastewater sluc^e connprises between 
8% and 55% of the concrete mixture. In one embodiment the wastewater sludge 
comprises between 8% and 40% of the concrete mbcture. In a further embodiment fte 

10 wastewater sludge comprises between 8% and 25% of the concrete mixture, 
^^temativefy, tfte wastewater ^udge ntay comprise between 11% and 14% of the 
concrete mixture. Preferably, the wastewater sludge vwll comprise 12% by weight of 
the con(»Bte mixture.. This allows for a large quantity of wastewater sludge to be 
Hicorporated into the concrete, whle stil maintaining all the strength pnDperties 

15 . necessary fDrthe concrete to be used in oonstructbn. 

In another embodiment of the invention there Is provided a method of using 
wastewater sludge in the productioh of concrete in which the percentage of liquid 
content of the wastewater sludge is between 50% and 97% and the percentage of 

20 solid matter in the wastewater sludge is between 3% and 50%. In this way a large 
amount of the liquid required for the manufacture of the concrete may be taken from 
the wastewater sludge. This is a useful way of using up the water content of the 
wastewater sbKlge and avcAffing sAemative ecpensft/e tedinkjues to remove the water 
from the sludge. Preferably the percentege of liquid content in the sludge is between 

25 80 and 97%. 

In a furSier miboijBnnent of the invenfon there is provided a nrtethod of using 
wastewater sludge in the production of concrete in which the aikaflne solutton is niixed 
with the w^ewater sludge so that a wastewater sludge and alkaline solution mixture 
30 having a pH equal to or greater than 12 is achieved. In one -embodiment, sufRdent 
aSc^ne solution is adcted to adtSey/e a wastewater sbdge and aBcaiine sdufion nmcture 
having a pH equal to or in excess of 12,5. This will ensure that a sufficient degree of 
the hazardous materials contained in the wastewater sludge wiD be neutralised prior to 
the concrete mbcture being fbrmed. These hazardous materials can be neutralised in a 
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quick and efficient manner that can be accurately estimated. 

Detailed Description of the Invention 

5 The invention will now be moie dearly understood from the fbllbwihg description of 
some embodiments thereof, given by way of example onlyi with reference to Vrig^ 
accompanying drawmg in whteh there ts ^Ksm a diagrammatte iOustrafion of one fonm 
of suitable apparatus that may be used for carrying out the method of the invention. 

10 Wastewater sludge is fed from a container 1 to a mixing ixuck 2 by way of a conveyor 
3. The conveyor 3 hias load cells (not shown) connected thereto to carefully monitor 
the anrrount of wastewater b©ng deRvered to the nnixmg truck 2, Tlie wastewater is 
placed in a paddle mixer 4 of the mixing tmck 2 wherein it is blended with an alkali 
solution. Once the wastewater and aB(ali solutton have been nftced sufficiently, a 

15 pump 5 on the mixing tmck 2 is actuated to pump the wastewater and alkali mixture, 
through a tteoWIe hose p^ 6 to a mixing dnm 7 of a nearby coricrete mixing truck. 8. 
The mixing dmm 7 has already contaiiied therein a thoroughly blended mixture of 
cement and aggregate. Once the alkali solution and the wastewater have been added 
to the mi)dng daim 7 containing the aggregate and cement the mixrig drum 7 is 

2 0 rotated, thereby blending the materials contained therein to form a concrete mixture. 

The relative amounts of wastewater sludge, cement and aggregate are detennined, 
depending on the strength and curing tinie requirsmente of the individual produdng 
the concrete. The eSkaS solution btended with the wastewater sludge can be a 

25 concrete hardenersudi as that sold under the brand name Sika (RTM). The all^i wfll 
furthef act as a hardener Msisting in the curing time of the concrete n4c once the 
wastewater sludge and the dry nrdx have been blended together The wastewater 
sludge w3l be stebiil^ bi that heavy etemenis such as phosphorus are physic^ 
stabilised vwthin the matrix of the concrete and the sludge will also be sterilised in that 

30 the bacterte, vimses or other fiving organisms nomiaBy preserit in the sludge wil) be 
killed. 

In adcfitton to the istrong aOcaB. a bonding agent such as fliose soM under 9ie 
Registered Trade Marks EVOSTICK, RONAFIX, or Polyvinyl Acetate are further added 
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to the wastewater sludge to Improve the pH value of the concrete to be produced, 
whilst ateo fmprovlng the t)onding. properties of each of the rmin components of the 
conoete. This concrele ndx msf' then be used lo construct road banters, 
concrete verges, and the like. 

5 

A liquid detergent such as those produced by JEYES (RTM), DETTOL (RTM) or 
RASH (RTM) is added to 8ie ur^ogdiffed concrete mix to further eOminale arry 
residual bacteria present in the wastewater sludge. The liquid detergent may be 
added to the conciBte n& regardless of whether the alkali substances have been 
10 added. The concrete may then be poured into a heavy duty plastic container and 
seated theie&ri to avoid any risk of contEBviftiation to the mviromnent by leechbig of thb 
concrete once it has been exposed to the elements! 

Some ej^mples of a concrete mixture produced in accordance with the invention will 
15 now be given. 

Exampie 1 

1 Kg of wastewater sludge is mixed with 0.3 Kg of bonding agent in a suitable 
20 container. Once the bonding agent and wastewater sludge have been sufRdently 
nnii«i 1ogeB»r, 0.3 of concr^ hardener is added to the rrixture and stnred on 
thoroughly to assist in the hardening process, as weD as killing any bacteria present in 
themixture. Separately/e Kg of aggregate is nrixed with 1 i^of cementtofonnadry 
mix. This dry mix is then mixed with the wastewater sludge, hardening agent and 
25 bonding agent and trended tc^ettteriflitB a oDnc^ ThtsoonciBte 
mixture may then be used for toad constmction or other suitable purpose. 

A sample of concrete made in accordance with the above example provided the 
following toxicity results for the main heavy metal contamination types, as shown In 
30 Table 1 betow. 
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Parameter 


Max. Value bi Sludge 


Max. Value in Soil 


Value Leaciied 
from Concrete 


Cadiriutn 


20 


1 


0.176 mg/l^ 


Copper 


1000 


50 


0.846 nng/l^ 


Nickd 


300 


30 


0.96 mg/Kg 


Lead 


750 


50 


0.18 nf^/Kig 


Zinc 


2500 


150 


0.95 iT^iff^ 


Mercury 


16 


1 


<0.025mg/Kg 


Chromtum 




3J5\i!gfha/yT 


1.66mg/Kg 



TABLE1 



5 Furtharmoie, varknis cube strength tssis on random samples of the conaete were 
taten after hardening for 28 days. The me^ured strengths ranged from 3.0 to 6.0 
Wrm? with an average of 4.5 Nhm?, R wDI be understood that by having more 
concrete contained within the mix, the average cube strength test results of 7 or 8 
Nhmf were s^falnabla. This pronMes an aggregate inrqoact value of less than 25% 
10 which Is sufficient for use as heavy duty concrete floor finishes in most jurisdictions. 
Furtherniore, the 10% fines value in excess of 130 KN is also easi^ attainable with 
careful selection of aggregate. 

ExggnD!e2 

15 

Five Htres of Sodium Alunnnate, five ffires of Potassium HydR»dde and five litres of 
Potassium Carbonate are mixed together in a suitable mixing vessel. One ton of 
shidge cake .at 15 to 20% diy sdids is added to the mixed So<fiim Ahiminate, 
Potassium. Hydroxide and Potes^um Carbonate solution and blended with some 

20 aggregate until a viscous liquid is fomned. Five litres of bonding agent and 5 to 10 
litres of water are then added to the viscous liquid. Separately, six tons of aggregate is 
mixed wBh or» ton of oenr^nt to form a dry nix that has the aggregate and cement 
evenly mixed throughout TTie blended mixture containing the sludge cake is then 
added to the dry mix for a period of between five to ten ntinutes to form a concrete 

25 mixture. The concrete mixture is then ready to be poured. Similar toxicity results for 
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the main heavy metal contairtnatfon types as shown for the ptevtous example in Table 
1 were achieved for the concn^ mbdute of Exan^le 2. 

R fe envfe8Q«l that the ii*<hg of flie cemart sarrf segregate 
5 standard concrete mixing tmck or other such similar device. The sewage sludge could 
be aAJed to the dry ntix once any addifonal hardenhg agents or bonding agents had 
been thoroughly mixed fri with the sewage sludge. The hardening and bonding agente 
couid be pre4TTOed wBh ti» sewage sludge in a separate nmang vessel before bemg 
pumped into the concrete mixing tnick with the dry mix. It is envisaged tiiat the 
10 hardening and bonding agents are mixed with the sewage sludge at between 500 and 
1000 revolutions per minute to thoroughly mix the components tog^er. Additional 
water rn^ be added to flie sewage sludge, 9 necessay. pitor to mb*ig vi«h any 
hadening or bonding agents. 

15 . It win be understood the aggregates used could be any one from a selection of 
crushed grey wacke stone, Win dried sand, normal sand, fimestone. gravel, grit, 
crushed sandstone, cnished pencil, crushed shale, crushed seashells. crushed 
conwete, puh/erised fuel ash. quicklime or any other suitable type of stone. Slag 
from steel processing wrhich is the sOicate waste from steel blast furnaces could 

20 also be used as one alternative aggregate material. Reinforcing materials such as 
glass fibre or steel can also be added as part of ttie a^regate to further 
strengthen the concrete. The aggregates used will largely depend on the desired 
characteristics of ttie concrete to be produced. The coricrete produced In 
accordance vwlth the Invention nray ftself be cmshed subsequent to settfrig and 

25 thereafter may be used as a fill material for road surfaces. 

The blended concrete trix could also be seated m a heavy duty pbstic container to 
prevent any risk of hannful materials being leached out of the concrete. As an 
attemafive to a heavy duty plaste contsmer a fireglass coatir^ or frtasfic coating 

30 be appRed to concrete produced oi accordance with the method to add firrther 
protectton and additional strength to the conoete. 

In thfe spedficaBon. the temi Tiardening agenf has been used to defirre ^ 

that viffll reduce the fime necessary for the concrete nfibduie to set A concrete bonding 
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agent is used to describe a substance that is used to enhance the cohesion of tfie 
individual ingredients, once rraxBd. In the examples described above It wOi be 
understood tfiat various Ingiedoents in the hardmlhg agmt act as stabtOsing and 
sanitizing oomponente whereas vartous other bigredtents act as hardening 
5 ooinponents. Potassium Carbonate or Alumirdum Sfik^te would act as taidening 
comporients whereas Potassium Hydroxide would act as a stabir^ng and sanitising 
connponent OSher afkaSnes that could be subsfituted for the Potas^um Hydroxide 
include Sodium Hydroxide, Calcium Hydroxide or Barium Hydroxide or other similar 
substances. 

10 

fa) this speciffcafion the tenms "comprtee, comprises, corrrprfeed and comprising" as weD 
as the terms Incbde, bidudes, included and including" are deemed totally 
interchangeable and should be aftonied the widest possible interpretation. 

15 Thefaivenfimisinnowaylimtedtotheen^ butmay 
be varied in both construction and d^l wrthin the scope of the cbims. 



